Little is known about the relationship between current and past smoking behaviour and the severity of alcohol dependence. The purpose was to explore the strength of this relationship. Methods: A random population sample of 18 to 64 year-olds from northern Germany was used (n ϭ 4075; participation rate: 70%). It included 761 cigarette smokers fulfilling at least one alcoholdependence criterion. The severity of alcohol dependence according to the alcohol-dependence syndrome criteria frequency (ASF) was estimated by a standardized questionnaire based on diagnostic instruments of the alcohol dependence syndrome and which included five response categories, from 'never' to 'daily'. Nicotine dependence was diagnosed according to the Diagnostic and Statistical Manual of mental disorders (DSM-IV) with the Composite International Diagnostic Interview (CIDI). As a second measure, the Fagerström Test of Nicotine Dependence (FTND) was used. Results: The number of cigarettes and years of daily smoking, nicotine dependence, and the number of nicotine dependence symptoms each showed a relationship with the ASF. Effect size (w) were 0.17-0.21 for chi-squared ( 2 ) tests. In a general linear regression model with the ASF as the dependent variable (R 2 ϭ 0.17), number of years of daily smoking, age at onset of smoking, number of attempts to reduce or quit, the number of nicotine-dependence symptoms according to DSM-IV and the FTND sum score were retained as independent variables. Conclusions: Long-term smoking, a large number of nicotine-dependence symptoms according to DSM and a strong urge to smoke according to the FTND are related with a high ASF.
INTRODUCTION
Interactions between tobacco smoking and alcohol drinking have been shown by several studies (Zacny, 1990) . Chronic smoking may contribute to a tolerance of the effects of alcohol consumption, and may increase alcohol metabolism (Henningfield and Heishman, 1995) . However, little evidence exists on how much tobacco smoking and nicotine dependence may add to the development of alcohol dependence (Little, 2000) and how it may impede the process of maintaining abstinence among alcohol dependent persons (cf. Breslau et al., 1996; Jackson et al., 2000b) . Several factors, such as anxiety-reducing, antidepressant or rewarding effects, may have an effect in the use of both substances (Little, 2000) . Furthermore, co-dependence may be conceived to be a particular severity of the dependence syndrome. With current knowledge, evidence is needed about the strength of the relationship between alcohol dependence alone, and tobacco smoking and nicotine dependence together. The probability of alcohol dependence increases with increasing amounts of tobacco smoked (Henningfield et al., 1984; Gulliver et al., 1995) . Among alcoholism treatment patients, smoker rates of more than 80% have been shown (Batel et al., 1995) , as well as an increased tobacco-and alcoholattributable mortality after treatment (cf. Miller and Gold, 1998) . Nicotine dependence is more likely to exist among alcohol-dependent individuals than among social drinkers or non-drinkers (Hashimoto et al., 2001) , and it seems to be more severe among those who are alcohol-dependent than among those who are not (Marks et al., 1997) . Current smokers and those who are nicotine-dependent (partly recruited from tobacco treatment patients), showed more alcohol-dependence criteria than did non-smokers (Daeppen et al., 2000) . A weak relationship between the number of nicotine-and alcoholdependence criteria has been found (Hughes et al., 2000) Common causes may be active both in the relationship between smoking and nicotine dependence, and between smoking and alcohol dependence. A high consumption of one substance may entail a high consumption of the other one. From this, it can be hypothesized that dependence on both substances is probable (cf. Henningfield and Heishman, 1995; Little, 2000) . There may be a third factor which determines the amount of smoking and alcohol drinking and nicotine and alcohol dependence, such as a genetic predisposition, not only to dependence but to a high severity of it (True et al., 1999; Tyndale, 2003) .
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The goal of the present study was to explore (1) whether ASF increases with the number of cigarettes per day, years of daily smoking, the rate of nicotine dependence, the number of dependence symptoms and the degree of nicotine dependence, and (2) how strong these relationships are. It is hypothesized that ASF increases by the amount of tobacco smoked and by the number of nicotine-dependence symptoms. The study is part of a series of data analyses of a population-based investigation of nicotine and alcohol dependence and other psychiatric disorders (Meyer et al., 2001 ).
SUBJECTS AND METHODS

Sample
A population-based sample in northern Germany was used from a survey in 1996 in which a computer-assisted interview was conducted face-to-face, usually at the individual's homes. All non-institutionalized individuals aged 18-64 years living in the northern German city of Lübeck (217 000 inhabitants) and 46 surrounding communitieswere eligible for the Transitions in Alcohol Consumption and Smoking (TACOS) study (Hapke et al., 1998; Meyer et al., 2000) . A random sample was drawn from the communities' resident registration files. Every resident has to be registered in these data files by law. The participation rate in our sample was 70.2%, resulting in 4075 subjects representing the defined population with respect to demographic characteristics (Meyer et al., 2000) . Of these 4075 individuals, there were 761 current or former cigarette smokers who showed at least one criterion of alcohol dependence or misuse according to DSM-IV based on the algorithm of the Munich-Composite International Diagnostic Interview (M-CIDI) (Lachner et al., 1998) , a DSM-IV adapted version of the World Health Organization CIDI (Robins et al., 1988) . These individuals are the final sample of our analysis. According to the M-CIDI items, current smokers had smoked daily for more than 4 weeks during the last 12 months. Former smokers had not smoked daily for more than 4 weeks during the last twelve months, but had done so prior to this.
Assessment
Informed consent was given by all individuals prior to the interview. The ASF was assessed by the Severity Scale of Alcohol dependence (SESA), a 28-item standardized selfadministered questionnaire developed to estimate ASF (John et al., 2003a) . The SESA was chosen for the following reasons. First, it includes only items needed to assess the alcohol dependence syndrome according to Edwards and Gross (1976) , which was one basis of the DSM-IV alcohol-dependence criteria (American Psychiatric Association, 1994; for the English language version see John et al., 2000) . Second, it includes a precise response category format. Third, the SESA was developed and validated by using different clinical samples as well as a population-based sample (John et al., 2003a) . Items from all alcohol-dependence syndrome criteria (Edwards, 1986) were included in the development of SESA. The item analysis revealed that four criteria are covered by the subscales of SESA: increase of tolerance (DSM-IV criterion 1), extreme increase of tolerance (DSM-IV criterion 1), decrease of tolerance, somatic withdrawal symptoms (DSM-IV criterion 2a), psychological withdrawal symptoms (craving) (DSM-IV criterion 2a), narrowing of drinking repertoire (DSM-IV criteria 3, 5), alcohol consumption to avoid withdrawal symptoms (DSM-IV criterion 2b) (John et al., 2003a) . Three DSM-IV criteria of alcohol dependence are not covered: persistent desire or unsuccessful efforts to cut down or control substance use (criterion 4), important social, occupational, or recreational activities given up or reduced because of substance use (criterion 6), and substance use continued despite knowledge of having a persistent or recurrent problem that is likely to have been caused or exacerbated by the substance (criterion 7). Criteria 4, 6 and 7 proved to be redundant when constructing the subscales using factor analysis and analysis of internal consistency (John et al., 2003a) .
The items of SESA are based on the item pool of three questionnaires estimating the ASF [Alcohol Dependence Scale (ADS), Skinner and Allen, 1982 ; Severity of Alcohol Dependence Questionnaire (SADQ), Stockwell et al., 1983 ; Short Alcohol Dependence Data (SADD), Davidson and Raistrick, 1986] . SESA uses a five-response category format (daily; once a week or more; once a month or more; less than once a month; never), and for the tolerance items a two-response category format (yes; no). The sum score of SESA included the range 0-100. The alcohol-dependence criteria were determined. A wide range of alcohol-related harm was covered by the sample, including current alcohol dependence (6.9%), remitted alcohol dependence (11.4%), alcohol misuse according to DSM-IV (22.4%) and hazardous or harmful alcohol drinking (20 g or more pure alcohol per day in women, 30 g or more in men, but no diagnosis of alcohol misuse or dependence) (8.0%). There were also individuals who did not show any of this alcohol-related harm (51.3%). Administering the SESA to individuals having no dependence criteria was shown to be impractical as a considerable number of them expressed concerns about being stigmatized as an 'alcoholic'.
Smoking and nicotine dependence according to DSM-IV was assessed on grounds of the M-CIDI. This included single items for the assessment of the seven dependence criteria as well as eight withdrawal symptoms. Nicotine dependence was measured according to the algorithm provided by the M-CIDI for a DSM-IV diagnosis (American Psychiatric Association, 1994). The Fagerström Test for Nicotine Dependence (FTND) (Fagerström et al., 1991; Heatherton et al., 1991) was administered to the current smokers among the final sample (n ϭ 340) as part of the interview.
Data analyses
Data were analysed with SPSS 11.0. In order to examine univariate relationships of smoking behaviour and dependence symptoms with smoking status and number of quit attempts, we used chi-squared tests (
2 ) and analysis of variance (ANOVA) and three categories of the SESA sum score: 0 indicated no, 0.01-8.33 low to medium, and 8.34-100.00 a high ASF score. Effect sizes were estimated as Cohen's w for 2 tests. Those less than 0.10 indicated no effect, and between 0.10 and 0.30 a small effect (Cohen, 1988) . For the effect size estimate in the analysis of variance, we used omega-squared ( 2 ) (Fidler and Thompson, 2001) , and assumed values up to 0.01 as a small, and values up to 0.06 as a medium effect size (analogous to Cohen's d ) (Cohen, 1988) . For multivariate relationships, we used general linear regression model techniques with the sum score of the SESA as the dependent variable (Rawlings et al., 1998) . Because the FTND was included, only current smokers were considered in this model.
RESULTS
There were fewer women than men showing a medium or high ASF (Table 1) . No linear relationship could be found between age and ASF. The rate of subjects with a high ASF was higher among the current smokers than among former or never smokers. The mean number of cigarettes smoked per day at the time of peak consumption as well as currently, was highest in the high ASF group. Those who had the greatest number of years of daily smoking and those who had started smoking at the youngest age had the largest rate of individuals in the high ASF group. The number of attempts to reduce or quit smoking was independent of the ASF in the univariate analysis.
Current nicotine-dependent persons showed the highest, non-dependent persons the lowest rate of individuals with high ASF. The larger the number of nicotine-dependence symptoms, the higher was the ASF. Having experienced nicotine withdrawal for at least 1 day was unrelated to the ASF, which increased with the number of withdrawal symptoms. The larger the FTND sum score and the shorter the time until the first cigarette after waking-up, the higher was the ASF. Those who reported difficulties in not smoking where it is prohibited, and those who smoked when ill and in bed, showed higher rates of individuals in the high ASF group than did those who did not report difficulties in abstaining from smoking where it is prohibited and those who abstained from smoking when ill and in bed. There were medium effect sizes of the means of the numbers of nicotine dependence symptoms and withdrawal symptoms and of the FTND sum score.
The multivariate analysis showed several relationships between the ASF and smoking-related items and ASF and nicotine dependence variables. The general linear regression model applied (R 2 ϭ 0.17) revealed number of years of daily smoking plus the age at onset of smoking, the number of attempts to reduce or quit smoking, the number of nicotine dependence symptoms as well as the FTND sum score as explaining variables for the sum score of the ASF ( Table 2 ). The largest contribution was provided by the FTND score.
DISCUSSION
The univariate data analysis reveals a clear relationship between smoking status, number of cigarettes smoked, number of years smoking daily and the ASF. There were more current smokers in the high ASF group than former smokers. Those currently smoking 30 or more cigarettes per day are twice as likely to reveal a high ASF than those smoking less than 20 cigarettes per day. Those who had smoked daily for more than 25 years, were more than twice as likely to be in the high ASF group than those who had smoked daily for 5 years or less, whereas age did not reveal a clear linear relationship with the ASF. These results corroborate findings which showed an association between smoking and alcohol drinking. The number of cigarettes and years of daily smoking may be indicators of the ASF. Among the several effects active in the tobacco-alcohol interaction, one may be that smoking cessation may entail moderation or quitting of alcohol consumption.
The data support that smoking onset at a young age is particularly harmful. Those individuals who started smoking at the age of 15 or younger were more likely to be in the high ASF group than individuals with an older onset of smoking age. Those who start smoking early in life might be a subgroup prone to becoming co-dependent (cf. Little, 2000) . This subgroup might consist of individuals who are vulnerable to severe dependence, and prevention methods practiced so far among youth might be inappropriate for this subpopulation. Early onset of smoking probably aggregates a large part of tobacco-and alcohol-attributable diseases. Although the number of quit attempts is not linearly related to the ASF in the univariate analysis, there are smokers with more than 10 quit attempts of whom almost half belong to the high ASF group. This might indicate that severe alcohol dependents try to quit smoking often but do not succeed, and more intense interventions might be appropriate. Table 1 . Relationships between ASF and tobacco smoking and nicotine dependence, n ϭ 761, means (standard deviation) in a study on the strength of the relationship between tobacco smoking, nicotine dependence and the severity of alcohol dependence syndrome criteria in a population-based sample in Germany Among the currently DSM-IV nicotine-dependent smokers, there are almost twice as many in the high ASF group than among the non-dependent smokers, and the number of nicotine-dependence symptoms increases with increasing ASF. This relationship is plausible because the ASF and the DSM nicotine-dependence criteria have a common historical background: the dependence syndrome (Edwards, 1986) . However, the FTND, which may be seen as an estimate of the urge to smoke and of withdrawal, shows a relationship with the ASF also, and the effect size seems to be somewhat larger than that of the number of DSM criteria. The DSM criteria and the FTND may mutually contribute to finding details of nicotine-and alcohol-dependence comorbidity. In all, the data support the findings which show comorbidity between nicotine and alcohol dependence (Marks et al., 1997; Daeppen et al., 2000) . Extending results from a population study limited to young adults (Breslau, 1995) , our study covers a broader age range. Beyond that, the data show that there are linear relationships with the ASF as well.
The general linear regression model reveals five core variables that explain the variance of the ASF. Lifetime smoking is expressed by the number of years of daily cigarette use; a striking finding is that in addition to these variables, the age at onset of smoking remains within the model. Two of the five explaining variables indicate the number of dependence criteria, and the DSM and the FTND add specific information to the overall picture of dependence. Thus, it is appropriate to combine both approaches when diagnosing nicotine dependence when explaining the ASF. Overall, lifetime tobacco smoking, number of quit attempts and a comprehensive measure of nicotine dependence, contribute to the co-occurrence of smoking and a high frequency of alcohol-dependence symptoms. The hypothesis is therefore supported by the data.
As to a causal relationship, the data show that there may be vulnerability to severe dependence on both substances (True et al., 1999; Tyndale, 2003) , and starting smoking at age 15 or younger might be a response to that vulnerability. Or it might be that there is a predisposition to severe dependence, and the interaction between the use of the two substances might reinforce their use. Longitudinal prospective research with children before they start smoking and their families may help to disentangle familial and genetic factors of the severity of comorbid nicotine and alcohol dependence.
The ASF data can be collected in an easy and cost-saving way. The data support the use of self-statement measures when the alcohol-dependence syndrome is a possibility. In routine care, the FTND and a questionnaire measuring the ASF may be administered easily, and thus information about comorbidity can be obtained. Intervention may be differentiated by such diagnostic information, and intervention outcome may take into account the interactions of smoking and drinking more precisely. The data show that two dimensions can be distinguished: the frequency of criteria or symptoms and the (John et al., 2003a ) which was standardized 0-100. None ϭ 0; medium ϭ 0.01-8.33; high ϭ 8.34-100. ‡Chi-squared ( 2 ) test for per cent rates, and ANOVA for means. §w (Cohen, 1988) for 2 test and 2 for ANOVA (Fidler and Thompson, 2001) . ¶Based on single nicotine dependence criterion or consequences from alcohol abuse according to the M-CIDI.
† †Fagerström Test for Nicotine Dependence , current smokers (n ϭ 354). *P Յ 0.05; **P Յ 0.01; ***P Յ 0.001; NS, not significant; SD, standard deviation. Table 2 . Tobacco smoking and nicotine dependence variables which explain the alcohol dependence syndrome criteria frequency, current smokers, n ϭ 340, General linear model, R 2 ϭ 0.17 in a study on the strength of the relationship between tobacco smoking, nicotine dependence and the severity of alcohol dependence syndrome criteria in a population-based sample in Germany substance. Severity of disturbance may be expressed as being dependent on nicotine, alcohol or both, to a medium or high degree. This differentiation enables the tailoring of interventions to the needs of subpopulations with different kinds and degrees of disturbance. The ASF might help to identify subpopulations of smokers and those with harmful levels of alcohol consumption and to provide grounds for efforts for prevention and treatment tailored to the needs of co-dependents. The following limitations must be taken into account. First, the data are cross-sectional and no causal relationship can be determined. The data show a dose-response relationship; however, the data do not tell us what is the agent and what is the response. Second, the study has been conducted in a nation with particularly low prevention efforts and high tobacco and alcohol consumption (cf. John and Hanke, 2002) . In countries with large prevention efforts, more quitters are to be expected, and the remaining smokers may include a higher rate of dependents than our sample. Third, the sample is representative only for a specific area in Germany. However, our sample does not differ in distribution of age and sex from that of the national population aged 20-64 years. Fourth, the group of smokers who provided information about the ASF was heterogeneous with respect to alcohol-related harm. Included were individuals with alcohol dependence, alcohol misuse or hazardous or harmful drinking, but also included individuals with none of these disorders. More homogeneous samples may show stronger relationships between nicotine dependence and the ASF. Fifth, all information has been gathered from self-statements and no biochemical verification was made. There may have been underreporting of dependence symptoms, although other evidence suggests that in population-based studies no risk of denial of smoking exists which would significantly change the results (Vartiainen et al., 2002) . Sixth, the FTND has been assessed in current smokers only.
CONCLUSIONS
The ASF enhances diagnostic information. The interaction of smoking and nicotine dependence with the severity of alcoholdependence syndrome criteria may be examined in more detail when the frequency of lone alcohol-dependence criteria is compared to smoking behaviour and the categorical diagnosis of alcohol dependence alone. A high number of years smoking, early onset of smoking, never having tried to quit, a large number of nicotine dependence symptoms as well as a strong urge to smoke, which may indicate withdrawal, are related with a high ASF. There is a moderate relationship of smoking-related variables and nicotine dependence with the ASF.
